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IMTRODUCTTOM . 

The  recent  very  exhaustive  stvdy  of  the  properties  of  sodium 
1 
vapor  has  shown  that  our  knowledge  of  the  structure  of  the  molecule 

and  of  the  mecham. sm  of  radiation  may  be  increased  by  the  investiga- 
tion along  different  lines  of  metallic  vauors.  During  the  investi^ci- 
tion  the  periodicities  of  the  vibrating  rjiechaniems  have  been  studiwd 
in  a  nimiber  of  •«'ays:  by  absorption, by  exciting  the  vapor  with  white 
or  monochromatic  light,  by  cathode  ray  stimulation,  and  from  the 
standpoint  of  the  magneto-optical  properties  of  the  vapor.  The  flu- 
orescence spectrum  which  is  shovm  v/hen  the  vapor  is  stimulated  by 
v/hite  li^ht  is  very  complex.  This  spectrum  which  is  channelled  and 
..hich  resembles  many  emission  spectra  has  a  large  number  of  lines. 
The  very  important  fact  has  been  brought  out  that  it  is 
l-ossible  to  analyse  this  complex  spectriun  into  a  number  of  simple 
spectra,  each  one  of  which  may  be  brought  out  by  exciting  the  vapcr 
'.',1th  a  monochro3iatic  source  cf  radiation  of  the  proper  fre^ueticy. 
The  \'apor  can  be  excited  to  fluorescence  by  nonochj-omiitic  sources  ob- 
tained by  utilizing  certain  lines  from  the  arcs  of  various  metals 
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such  as  iinc,  cadmii.un,  theiliuEi,  lead,  silver,  bismuth  and  copper. 
In  each  case  a  series  of  lines  is  obtained  and  in  many  cases  the  linee 
of  the  series  are  equally  spaced  along  the  spectrmn.  The  superposi- 
tion of  all  of  these  simple  spectra  gives  the  v/hite-light  fluores- 
cent spectra. 

It  was  further  found  that  any  given  series  of  lines  could 
be  brought  out  by  exciting  the  fluorescence  with  a  source  of  radia- 
tion of  ^tive-length  corresponding  to  that  of  any  line  in  the  series, 
but  thB.t   certain  lines  would  be  absent  depending  upon  the  wave-length 
of  the  line  in  the  series  which  was  selected. 

SodiuE  vapor  in  a  strong  rjignetic  field  has  the  property 
of  rotating  the  plane  of  polarization  of  lir;ht  for  Vr-ave-lengths 
corresponding  to  those  of  certain  lines  in  ii.s  absorption  spectra, 
i.e.  polarized  light  v/hich  has  been  passed  through  magnetized  sodium 
vapor  ir  a.  sufficiently  dense  cor.d-.tioii  end  a  Nicol's  prisin  set 
originally  for  the  complete  extinction  of  light  gives  a  bright  line 
spectrum  consisting  of  a  Isirge  number  of  sharp  lines.  Each  bright 
line  corresponds  to  a  dark  line  in  the  absorption  spectnan,  but  it 
was  found  only  a  very  SMall  percentage  of  the  absorption  lines 


show  this,  rotary  power.  There  are  only  about  sixty  lines  in  t-hia 
spectrion,  v?hich  has  leen  called  the  magnetic  rotation  sijectrurn,  in 
co'GiJarison  '.rlth  about  1500  lines  in  the  sane  region  i"  tion 

spectrun.  The  magnetic  rotation  spectrum  coincides  in  gentral  with  the 
fluorescent  spectrum  excited  by  white  light,  although  there  are  a  great 
many  of  the  lines  absent  in  the  former.  The  magnetic  rotation  spec- 
trail  contains  only  about  half  as  many  lines  as  the  fluorescent  spec- 
trum, the  lines,  hovever,  are  tnuch  sharper  in  the  magnetic  rotation 
spectrum.  The  intensities  of  the  lines  are  very  variable,  and 
apparently  bear  no  relation  to  the  intensities  of  the  corresponding 
absorption  lines. 

Five  distinct  series  of  lines  have  been  identified  in  the 
magnetic  rotation  spectrum,  and  these  correspond  to  the  series  in 
the  fluorescent  spectrum  brought  out  by  monochromatic  stiraulitlon. 

In  view  of  the  similarity  between  the  emission  spectra  of 
Sodium  and  Potassium,  and  of  the  fact  that  Potassium  vapor  vub   known 
to  show  a  strong  fluorescence,  it  was  thought  very  desirable  to  extend 
to  Potassium  vapor  studies  alonr  the  s«un«  line. 


HISTORICAL. 

The  red  fluorescence  which  is  exhibited  by  the  vapor 

metallic  Potassium  when  it  is  illuminated  with  a  beain  of  whi'-'- 

1 
was  first  observed  by  V/iedemann  &  Schmidt  . 

The  netal  VTas  enclosed  in  an  exhausted  glass  bulb^ heated 

until  vaporization  occurred,  and  a  strong  beain  of  sun-  or  arc-  light 

focussed  at  the  center  of  the  bulb.   A  red  cone  of  fluorescent  light 

appeared,  which,  when  examined  with  the  spectroscope,  shoved  a  red 

band,  the  position  of  A'hich  as  toughly  deterrained  was  between  v.ave- 

len^ths  595  and  615  \i\i. 

'}euvrplL  facts. 

The  vapor  has  been  st  idied  from  the  standpoint  of  its  absorption, 
fluorescence,  and  selective  magnetic  rotation  of  the  plane  of  polari- 
zation, and  it  has  been  possible  to  obtain  photO|jra.i/hs  of  these 
spectra. 

One  u:  ...  .,..i;t  interesting  facts  brought  out  Iry  triese  investi- 
-at^nr-s  ^3  the  -anoBt  exact  similarity  betv/een  the  spectra  of  Potassium 

1.  Wied.  Ann.  57,  447,  1896. 


vapor  and  the  corresponding  spectra  wKioh  have  been  shown  ii  the  case 
of  Sodium  vapor. 

During  the  early  part  of  the  experiments  the  vapor  was  investi- 
t;ate(i  in  glass  bulbs  of  from  5  to  10  centimeters  diameter  .  A  very 
siiall  piece  of  metal  was  rolled  up  and  introduced  into  the  bulb,  w'lich 
«?a8  then  exhausted  to  a  vacuum  of  about  1  aillimeter,  and  sealed  off. 
During;  a  prelioiinary  study  of  the  conditions  under  which  the  fluores- 
cence was  exhibited  to  the  best  advantage  it  was  found  that  the  glass 
bulb  becane  blackened  after  being  heated  for  a  very  short  time.  '  1  ^ 
of  hard  glass  blown  in  an  oxy-hydrogan  flam©  were  thon  tried  and 
found  very  satisfactory.  They  ./ould  stand  being  heated  for  several 
hours  without  bedoming  much  blacker ed. 

FLUORESCENT  SPECTRM. 

'.ethod  and  .Apj>ara_tjjjB: 

The  fluorescent  light  of  the  vapor  v/as  first  exa;iined  -^th  a 

two-prism  Steinheil  spectroscope.  The  spectrum  showed  a  broad  bright 

band  with  apparently  no  struct  ire  far  out  in  the  red.  In  order  to 

obtain  greater  dispersion  the  liyht  was  next  exajiined  by  means  of  a 

large  three-prism  spsctrograi'h.  With  this  apparatus  the  spectrum 

aho//ed  considerable  structure.  Exarained  visually  about  fifteen  bands 


could  be  distiifuished.  The  fluoreaceice  was  bright  enoufh  for  good 
records  of  its  spectrum  to  be  obtained  on  the  new  V/ratten  &  Wainwright 
Panchromatic  plates  with  exjjosure  of  from  two  to  three  hours. 

The  best  photograph  taken  with  a  width  of  slit  sucli  that  the  D 
lines  were  just  resolved  on  the  plate  showed  that  the  spectriwi  was 
fluted,  the  flutings,  however,  not  being  resolved  in  the  lines. 
The  bands  were  qui  he  sharp  on  the  sides  toward  the  shorter  wave-lsngt-^s 
ard  on  the  other  sides  tar-ninated  in  wings  which  extended  as  a  fainter 
dark  band  up  to  the  next  band. 

The  absorption  spectrum  photographed  with  the  sarne  apparat  is 
was  found  to  be  the  compliment  of  the  fluorescent  spectrum.  V.'hen 
the  two  negatives  were  superimposed  it  v/as  seen  that  each  dark  band 
of  the  latter  was  represented  by  a  light  band  in  the  former.  As  :.' 

-able  to  work  with  a  much  denser  vapor  than  it  was  possible  to 
ci'.a;'.  -.rith  the  glass  bulbs,  the  behavior  of  the  metal  when  ■■.eated 
in  a  highly  exhausted  steel  tube  vas  st  died. 

A  plain  steel  tube  of  3"  di..         :'  in  length  was  used  in 
the  preliminary  study.  A  rriall  piece  of  brass  tubing  through  which 
the  tube  could  be  exhausted  v/as  brazed  into  one  -ind.   Several  lumps  of 


the  '".etui  were  introduced  into  the  tube  and  the  end  closed  v/i  t'n  plile 
•-Ihss  cemented  on  wit'-;  saal1r,t3  wax.  Arc  li^'nt  sent  in  in  a  8lii;;htly 
oblique  direction  was  brought  to  a  f'         is  of  a  lens  directly 
over  the  metal.  On  heating;  the  tube  tne  .nu  a^ivi   of  fluoryscer^  ^  "  "  ' 
was  observed  through  the  opposite  end. 

The  fluorescence  was  riuch  more  intense  than  had  ever  beer 
observed  with  the  vapor  in  the  glass  bulb. 

The  arrangeifient  of  the  apparatus  during  this  subsetiuent  exper- 
iments on  the  fluorescence  was  exactly  the  same  as  that  made  use  of 
in  the  workon  sodium  vapor.  The  apparr^.tus  consisted  of  a  tube  of 
thin  steel  3"  in  diarrto+er  and  30"  in  length  with  a  steel  retort 
w'':'ch  was  constr  ■.rciilar  disks  of  steel  to  a 

short  piece  of  t'.ibing,  at  its  center,  in  which  about  half  an  ounce 
of  Potassiu-n  was  placed.   The  ends  of  the  retort  were  provided  vdth 
oval  apert  Tea.  After  the  -^.etal  was  cut  up  into  strips  and  introduced 
into  the  retort  the  latter  was  pushed  to  the  center  of  the  t-ibe 
the  plate  glass  end  cemented  on.  A  Fleuss  pump  was  eiployed  to 
exlmust  the  tube,  v/hich  was  then  heated  at  its  center  with  a  Punser 
flame.-  The  illuminating  bea-n  of  arc  light  '.ms  brou[;ht  to  a  focus 
just  inside  of  one  of  the  apert  .res  of  the  retort.  Hy  sending  the 


exciting  light  in  an  oblique  direction  throuc;h  one  end  the   ■ 

cence  could  be  observed  through  the  same  end  against  a  dark  background. 
With  the  metal  in  the  retort  which  prevented  ite  rapid  distillation 
to  the  colder  parts  of  the  tube,  it  v/as  possible  to  make  exposures 
of  practically  any  length.  Tlie  ends  of  the  tube  were  kept  cool  by 
jackets  of  absorbent  cotton,  which  dipped  into  pails  of  water. 

By  employing  higher  dispersion  an  attempt  was  made  to  brea'  up 
the  bands  which  had  been  photographed  -tfith  the  three-prism  spectro- 
graph. The  prisms  were  removed  froia  that  apparatus  and  a  plane 
grating  substituted.  It  was  found  that  this  new  apparatus  gave  a 
first  order  spectrum  about  five  times  as  long  as  the  spectrum  given 
by  the  prism.  The  lenses  used  were  of  36"  focal  length.  The  adjust- 
r.ent  was  so  made  that  the  center  of  the  spectrum  fell  at  the  axis  of 
colliTiation  and  very  good  definition  vms  obtained  throughout. 

With  this  arrangement  of  things  several  very  good  photographs  of 
the  spectrum  were  obtained.  The  time  of  exposure  varied  from  two  to 
three  hours.  It  .vas  possible  to  measure  up  on  the  dividing  engine  the 
wavg-langths  of  al  out  fvfty  lines  by  comparing  them  with  standard 
lines  in  the  iron  spectrum.  They  extend  from  'vave-lsngth  6346  to  6767. 
It  'ffas  found  that  the  centers  of  these  bands  could  he  deter'i-.ined 


wit-i  an  accuracy  of  mthii  half  an  Ansstron  unit.  In  the  region 
of  Bhorter  \mve-lan,eth8  the  bands  are  all  of  about  the  same  intensity, 
and  are  nearly  equally  spaced  along  the  spectrurn.  Bet'Yeen  6415  and 
5670  there  are  eight  very  strong  lines  which  are  about  equally 
distant.  They  are  represented  in  the  magnetic  rota.tion  spectrum 
and  are  due  to  the  strongest  lines  in  the  abeorption  spectrum. 
This  series  vfill  be  discussed  further  under  the  magnetic  rotation 
spectrum.  As  we  go  out  into  the  region  of  longer  wave-lengths 
the  spectrum  consists  of  groups  of  lines  of  nearly  the  same   intensity i 
the  lines  between  the  groups  becoaiing  fainter  and  fainter.   The  lines 
of  this  spectrum  coincide  line  by  line  with  the  principal  lines  in 
the  absorption  spectrum,  although  as  will  be  seen,  there  are  a  great 
many  more  absorption  lines.  The  wave-lengths  of  the  fluoresce'ce 
rneasured  a;  e  given  below. 
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^'ave-Ler.r;tT8.  Wave-Ler.f  ths. 

K  K 

6346.13  6506.08 

L-3S4.88  6514.86 

6364.34  6521.57 

0  374.42  6527.9 

63U3.97  6537.09 

G393.78  6544.39       very  strong 

•3400.73  6552.6 

6707.3  6560.04 

6415.96      stronr,  6566.44 

6423.72  6575.98 

6430.6  6584.19        very    ..    . 

6437.74  6590.46 

6443.S  strong  6  593.07 

£453. -.3  6596.56 

£461.05  6605.39 

5664.44  6615.25 

6474.68  6624.35        quite   strong 

6483.65  6630.91       quite   strong 

6490.82  6636.45 

6495.13  ,,-./.i.,-i 
6499.66 


11 


Wave 

-Lengths. 

K 

6657 

.05 

6663 

.53 

quite 

strong 

6670 

.14 

quite 

strong  also 

6677 

.26 

quite 

strong 

6678 

.05 

6682 

.45 

6709 

.05 

quite 

strung 

6715 

.81 

" 

" 

6722 

.01 

" 

•• 

6743 

.17 

" 

" 

6761 

.95 

•• 

" 

6667 

.6 

.. 

.. 

12 

V/e  have  seen  that,  considered  roughly,         -yscont  spectrum 
covers  the  region  of  absorption.  Ar.  attempt  was  tnade   to  st  idy  the 
relation  between  the  \mve-l9ngth  of  the  absorbed  and  emitted  light 
by  means  of  a  Feusa  monochromatic  illuminator.  This 
enables  one  to  cut  out  a  region  of  any  '^dth  from  a  contiii.).:  .a 
spectrim,  an>i  t  .  f:w-.us  this  light  on  the  vapor. 

..as  to  find  by  changing  the  wave-length  of  the 
exciting  light  the  region  of  absorption  which  gave  the  maximum 
intensity  of  fluorescence,  and  by  narrowing  the  slit  of  the  illumiria- 
tor  as  far  as  was  consistent  with  the  fluorescence  to  isolate, if 
possible, an  approximately  monochormatic  source  of  excitation.  The 
v/ave-lanfeth  of  the  exciting  light  was  increased  oy  turning  the  graduated 
screw  vhich  rotated  the  prisms  of  the  instrument,  and  it  was  foui.o 
that  there  ./as  a  wide  region  which  would  excite  the  fluorescoace. 
The  spectrum  exa.iined  v/ith  the  Steinheil  spectroscope  was,  ho.vever, 
60  feeble  as  to  be  hardly  observable  and  little  v/as  derived  from 
this  method  of  stndy. 

The  zi:  .hen  tried  for  a  monochronatic  source. 

The  light  from  the  arc  formed  in  air  between  a  carbon  electrode  and  a 
ima.ll   crxible  into  which  pieces  of  ziric  wer^  fed,  was  brought  to  a 
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focus  just  within  t'n.  _^  .-..i'-  of  the  retort  containing  the  metal. 
This  arc  gave  a  very  intense  and  strongly  concentrated  source  of  light, 
from  which  the  single  line  6363  was  utilized.  It  \ms  found  that  a 
strong  fluoresce-ice  '.vas  excited  by  this  line.   Examined  visually  v/ith 
a  grating  spectroscope  a  series  of  lines  apparently  -.  jpacod 

in  the  spectrum  v/ere  observed. 

The  great  difficulty  in  working  with  the  arc  in  air  is  that 
the  position  of  the  crater  changes  constantly,  making  it  almost 
impcssible  to  keep  the  spot  of  fluoresceat  light  on  the  slit  of  the 
spectrograph  for  any  length  of  time.  The  spectrum  of  the  fluorescent 
light  brought  out  by  exciting  with  the  zinc  arc  has  not  been  photo- 
graphed. 

ABSORPTION  SPECTRUil. 

The  pl.oLurrat-}i5  of  absorption  spectra  taken  with  the  vapor  in 
the  bulb  .  strong  absorption  fcrr  the  reason  that  it 

was  Impossible  to  get  the  vapor  sufficiently  dense.  With  the  steel  tabe 
it  was  possible  to  work  with  a  very  dense  vapor,  and  with  the 
greater  dispersion  given  by  the  grating  spectrog'-aph,  excellent 
photo;iraphs  have  been  tal-:en  of  the  absorption  spectra. 

A  lump  of  potassium  was  placed  at  the  center  of  the  tube,  t!.e 
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ends  Mere   cauented  on  and  ,d  as  in  the  previous 

experiments.  The  .ube  was  supported  in  a  horizontal  position  in 
front  of  the  slit  of  the  spectrograph,  and  light  frora  the  arc  sent 
through  the  tube  was  brought  to  a  focus  on  the  slit.   By  regula- 
ting the  flow  of  gas  to  the  burner,  placed  below  and  at  the  center 
of  the  tube,  it  was  possible  to  observe  the  spectrua  for  any  degree 
of  density  of  the  vapor.  Photographs  were  taken  at  different  densi- 
ties. 

The  heads  of  the  bands  appear  first,  and  as  the  density  in- 
creases the  fine  lines  of  which  they  are  formed  develop  in  suc- 
cession. V'ith  a  sufficiently  dense  vapor  the  spectriaa  consists 
of  a  very  large  number  of  fine  black  lines.  The  'ra.ve-lsngths  of 
the  strong  bands  and  principal  lines  of  the  absorption  spectr'OE 
are  given  below. 
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Wave-Lengths. 

K 
6295.23 
6298.55 

o 306. 83  strong 
6321.74 
6324.65  strong 
6334.32 

6343.32  " 
6354.06   " 
6362.91  very  strong 
6370.16 

6382.96  very  strong 

6391.28 

639S.68 

0412.52  strong 

6420.33  strong 
6433.82 

6443.27  ver  '  ?+--  — 


V/ave-lsr.t'ths. 

K 
6468.70  very  strong 
6458.89  strong 
6505.33  strong 
6512.86 
6520.3 
6534.66 

6  544.32  very  strong 
6549 
6559 
6565.57 

6583.92  very  strong 
6594.2 
6604.98 
6oll.28 

6622.74  strong 
6629.39 
6641.23 
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Wave-Lengths. 

K 
G662.68   strong 
6658.52   " 
6675.1 
6677.75 
6709 

6714.56  strong 
6721.42 
6754.37 
6759.9 
6765.8 
6804.97 
6811.38 
6849.9 
6855.56 
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MAGNETIC  ROTATTOM  SPECTR'Jl.l . 

Method  and  Apparat  is; 

The  magnetic  rotation  properties  of  potassium  vapor  were  first 

investigated  in  the  follovriLni:  v.-a:^:  A  glass  bulb  v/hicli  had  Seen 
filled,  exhausted  and  sealed  off  was  suspended  between  the  conical 
pole  pi  sees  of  a  large  electromagnet.  Light  from  an  arc  lamp 
rendered  parallel  bjr  a  lens  v/as  passed  in  succession  through  a 
Nicol  prism,  the  hollow  cores  of  the  magnet,  the  bulb  containing  the 
::.etal,  and  a  second  Nicol,  after  whic"  ..  focus 

by  a  second  lens  on  the  slit  of  the  ^ _. .  ,_.  The  Nicols 

were  set  for  complete  extinction  of  the  light  so  that  the  field 
7/as  dark.  The  bulb  Tims  heated  by  a  Bunsen  flame  until  the  metal 
•>ra.s  yaporii   ,  Id  of  the  magnet  produced.  On  looking 

into  the  sp&ctr-jg^aph  a  faint  yellow  light  was  .      ^  -  .d  the 

rotation  in  the  vicinity  of  the  D  lines  due  to  -. ^  -. ca   of  sodium. 

No  rotation  lines  in  tJie  red  were  observed.  On  repeating  the  experiment, 
however,  with  the  vapor  in  a  steel  tube, a  bright  line  rotation  spec- 
trum was  discovered. 

A  piece  of  steel  tibing  of  such  diameter  as  to  slip  through  the 
hollc  "  "---"'-  ■_''   the  magnet  from  which  the  pole  pieces  had  i  een  re- 


r.ovc-        I.   i         ,-  oxhausted  through  a  short  brass  tube 
bra.-         ;  of  its  ends.  The  i  reduced  into  the  nagnet 

■d   idth  a  piece  of  plate  glass  cemented  on 
v.lta  sealir.£^  '.viot.  Tl.roug}!  the  open  end  was  introd 
potassiiun  and  pushed  to  the  center  of  the  tube.  The  •■Ji.'-.i.   •:  u  ....... 

then  closed  in  a  siciilar  manner.  The  tube  was  connect  ad  •."th  ■^'  c- 
mec'-ianical  pump  vhich  gave  a  vacuum  of  a  milli 

allel  light  -.vas  sent  through  the  tube,  nicols,  etc.  ac  described  above, 
and  focussed  on  t?ie  slit.  With  the  current  off  the  height  of  ;. 
flaxje  placed  beneath  the  center  of  the  tube  was  regulated  so  lua...    .:;» 

absorption  lines  were  brour'.t  out  strong  and  black.  The  nicol 
«as  ther.  set  for  co  ._         .ction.  On  exciting  the  roagnet  there 
appeared  in  addition  to  the  bright  rotation  lines  D, &  D2_  a  number 
of  bright  lines  in  the  red.  It  was  found  that  the  rotation  si-tc- 
trum  was  very  sensitive  to  changes  in  the  density  of  the  vapor. 
The  least  variation  in  the  height  of  the  flame  would  destroy  the 
spectrijm.  Electrical  heating  of  a  porcelain  tube  containing  the 
metal  •.ma  tried,  but  it  v/as  found  that  the  density  could  ce  kept 
more  constant  by  workin,^  with  a  steel  tube  and  heatinp;  with  a  flaine  . 
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Sevsral  photog;rai-hs  of  the  rotation  spectrum  v/ere  taken.     About 
tv/er. ty-five  lines   could  Ve  .measured  on   the  best  jlate.      One  v/as 
taken  with-tfle  absorption  epectr'-an  on  the  sarce  plate  and   shows  the 
eight  stroMg  lines  v'ac".  .rere  r.e)  tioned  in  connection  \vith  the  fluor- 
fcscert  spfectriim.     The  plate  shows  that  they  coincide  v/lth  the  strong 
l.eads  of  the  absorption  bands.   Six  of  these  strong  lines  coula 
easily  be  picked  out  £-6  a  series  of  lines,   very  nearly  eq'^ioi  s lar.t 
alor.^:  the  spectrum.         Their  wave-lengths  are: 

K  X.  differences. 


6-3S3.02 
6412.71 

o443.4 

C474.21 

i;505.06 

6565 .6 


29.69 
30.69 
30.31 
30.65 
30.27 


There  cjre  thi'ee   strong  lines  v;hicl;  do  not  fall  in  this  series: 
c512.67  6543.86  6583.32 

The  other  lines  are  all  of  about  the  saa-.e  intensity.     Their 
intensities  do  not  uepend  upon  the  intei.sities  of  the  correepondin^; 
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absorption  lines,  a  fuct  which  \was  foimd  to  hold  in  the  ma;:netic  rotation 

spactrira  of  aodiim  vapor.   So:;  roii^-est  lines  in  this 

region  show  no  rotation.  The  ..ave-lenttr.s  of  the  lines  that  coulo 
be  measured  up  are: 

K  K 

629b. 63  6474.21  strong 

6306.66  6482.69 

6315.29  6505.06  strong 

6325.  6512.67 

6329.23  6543.38   " 

6342.61  6556.5 

6351.  6565.61  strong 

6354.77  6583.32 

6383.02  strong  6601.7 

6391.13  6614.6 

6412.71   strong  6622.35 
6420.43 
6443.4   strong 
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his  course  at  the  Universiti  he  pursued  hia  studies  in  Physics  under 
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